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ENDMEMBER SPECTRAI, MIXTURE MODELS
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LINTRODUCTION

California chapatral is one of the mostimportant natural vegetation cominunitics in Southern
Califoruia, representing a significant source of species diversity and, through a high susceptibility to fire,
playing a major role in ccosystem dynamics. Due 10 steep topographic gradients, harsh edaphic conditions
and variable fire. historics, chaparyal typically forms a complex mosaic of different specics dominants and
ape classes, cach with unique succes sional responses to fire. and canopy characteristics (¢.g. moisture
content, biomass, fuel lea(i) thatmodify fire susceptibility, The high human cost of fire and intimate
mixiug along the ueban interface combine 1o modify the nat wial fire 1egime as well as provide additional
impetus for a better understanding of how to predict fue and its management. Managernent probletns have
been further maguificd by neatly seventy years of fire suppression and drought 1elated die-back over the
last few years resulting in a large accumulation of highly combustible fucls (Radtke ctal., 1 982; Yool ¢t
al,, 1985). Chaparral communitics in the Santa Monica Mountains excinplify many of the management
challenges associated with fire and biodiversity.

A study was initiated in the Santa Monica Mountaing 10 investigate the use of the Airbotue
Visible/Infiared Imaging Spectrometer (AVIRIS) for providing improved maps of chaparial coupled with
direct estimates of canopy attributes (e.g. biomass, leal area, foelload). The Santa Monica Mountains are
an cast-west tending range located approximately 75 kilometers north of 1.08 Angeles extending,
westward into Ventura Cou nty. Within the Santa Monica Mountaing a diverse number of ccosystems arc
located, including four distinet types of chapanal, wetlands, ripar jan habitats, woodlands, and coastal sage
scrub. In this study we focus on miapping thice types of chaparial, oak woodlanids and grasslands.
Chaparral mapped included coastal sage scrub, chamise chaparral and mixed chaparral that consisted
predominantly of two species of Ceanothus,

2. METHODS and STUDY SITE

Analysis focused on AVIRIS data collected on October 19,1994, ‘1T'wo cast-west flight lines were
collected, consisting of atotal of 1?2, scenes. Resulis wi | i only be presented for scene S, center ed over Point
1)Oume, California (Fig. 1). Maps of equivalent liquid water thickness, precipitable water vapor and
apparent reflectance were generatedusing an algorithua conpled with the Modtran3 radiative tansfer code
(Gicencet d., 1993). Ouce converted 1o apparent reflectance, AVIRIS data were modeled as spectial
mixtures of field and laboratory mcasured spectia of soil, non-photosyuthetic vegetation (NPV), green
leaves and shade (Adams et al., 1993; Roberts et d., 1993). Spectral mixture analysis (SMA) was
perfonned using a complex modeling approach, in which the number of endmcmbers and types of
endmembers were var ied on a per-pixel basis (Rober s et ., 1992). This approach has advantages over
the stmple mixture model because it offers the potential for greater separation of communities through
ccosystem unique endmemnber selection while minimizing, fraction errors that typically resul t from
endmctuber ambiguity o intespixel differences in spectral dimensionality (Sabolet a., 1 W').

Reference endmembers were selected from a library of ficld and laboratory spectia collected
during two ficld campaigns, in Junc and September 1995 (Ustin et al,, ibis volume). Indmeinbeis were
selected using techniques described by Smith et al., (1 990a) and Adamis et ., (1993). These techniques
were usced to develop suites of candidate endmembets for green vegelation and NPV for cach major




comnnmity in the study arca. A single soil and photoructr ic shade spectram were selected for simplicity,
althongh community level variability in shade, spectra canbe significant due to multiple scattering, of NIR
light (Robet s et d., 1993). Suites of candidate spectra were developed hicrarchich ally, starting with two-
endmember models, followed by three endimenmber models etc. Training arcas for cach major vegelation
type were extracted from the reflectance images and used to gaide the development of a candidate librar y.
The final library consisted of 3leal spectia, 2 NPV spectraand one each of soil and shade. Candidate leaf
spectia for coastal sage se 1ob, chamise chaparial and mixed chaparsal are shown labeled as S24PNI, adfa
and ceme, respectively (Fig. 2). A fourth spectrunn consisting of NPV is included on the figure labeled
Faci stem (Friogonum cinarcum). The best fit for a leaf in coastal sage scrab was actually an NPV

spectt urn, reflecting the drought deciduous behavior of wany dominants in this connmunity.

Once acandidate library was developed, the libtary was used as aninputinto ascrics of mixture
models starting with al reasonable combinations of two-cndmembers models (leaf-shade, soil-slink,
NPV-shade) followed by all possible thiee cndimembermodels (leaf-NI'V-dll;\ (le) and four endmember
models. A total of 14 models were tan. Following mixture modeling, a program was developed to select
the optimal wodel for cach pixel based on RMS enior and spectial fractions, Starting with models with the
lowest dimensionality (two-cndmember models), cach pixel was evauate..l based onan RMS threshold of
< 2.5% and the constraint that fractions ranged between -1 9% and 1 00%. Once apixelmetthese criteri a, it
was assigned a nutueric value equal to the model and rernoved from the pool. This approach was
continucd, progressing upwards from models of low-dimensionality to high dimensionality until @l
models had been evalvated. This resulted inamap consisting of 14 classes, in which class was determined
by the nimber of endmcmbers in the inodel and (he, types that were used. Class maps and fraction images
wer ¢ combined 1o produce images showing the specteal fi actions associated with cach green leaf
endmember. Fraction maps were then combined with equivalent liquid water maps to produce a final
classified image using techniques described by Adams atal., (1995), modifiecd 1o include liquid water.

3.RESULTS

Using a multiple endmember mixing model over 9.5% of the image could be modeled as some
combination of 2 to 4 endmembers at an RMS < 2.5% and with positive fractions. The only utmodeled
arcas consisted of the city of Malibu and Zuma beach. In ch apatal the dimensionality of individual
spectra was remarkably low, with 2-endimember models accounting for 6S.9 percent and 3 endmember
models accounting, for 9?2.3 percent Of the total pixels (Table ]). Although preliminary, based onthe field
sites and limited ficld phatographs the model appears (o have successfully separated chamise chaparial
fiom mixed chapaal and mapped the extent of coastal sage scrub, Near-ter 1 objectives are Lo gvaluate
map accuracy and refine models based on ficld observations and aciial photographs. Spring AVIRIS data
acquited in 1995 will also be incorpotated to study scasonal ¢ flec ts and evaluate any phenological
improvements for mapping.

Table 1. Showing the number Of pixels modeled using 2, 3 and 4 endinember models. 13,324 of
atolal 314,368 image pixels were left unmodeled using, a combination of the ?, 3, and 4 endimember
models. Note, ~10% of the image was ocean , which was selected by the first 2-endnember model, Eeme,

Modcl 2-endmember  3-endmeimber 4-cndincinber Totals
Leal Endinember (includes NPV) (includes soil)

Yeme 136677 68186 7443 212300
Adfa 9729 12576 2373 24628
Oak (I'I'NI’) 192 699 106-/ 1958
Zuma (S?24PNI ) 55286 1497 3 S6786
Sencsced (bass 2334 X X 2334
Sail 3032 X X 3032
Total Unmodceled 107118 24210 13324 X

1 otal Modeled 2072s0" 82908 10886 301(144
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Figare . Showing locations of the Chamise chaparral (Castroy and Coastal sage serub

(Zuma) ficld sie s Ceanothus marks a thivd site rdeontified 1o be alimost pure Ceanothus
vrpan Neldphotographs.
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Fipgure 2. Showing reference endmembers selected for Castro (Adfa - Adcnostoma
fasciculatum), Ceanothus (Ceme = Ceanothus megacarpus), Zama (S24PNJ, = an NPV)
and NPV (Lirei Stem - Friogonum cinarcum stem).



